An experiment was conducted to evaluate the effectiveness of producing juvenile shrimp in a reservoir pond constructed in acid sulphate soils (ASS). Many ponds constructed in ASS pose a significant economic risk due to high mortality and poor growth. In Indonesia, abandonment of ponds in ASS is widespread and alternative farming practices, such as production of juvenile shrimp, offer farms opportunities to lower their production risks. The experiment involved rearing juvenile shrimp at a high stocking density (3,000 individuals/m 2 ) using hapas in a formerly unproductive pond located in Luwu Regency, South Sulawesi, Indonesia. The treatments tested included rearing periods of three and six weeks with four replications. A survival of 83.62% was achieved after rearing for three weeks compared to 45.44% after six weeks. Although there was a sixfold increase in the mean weight of shrimp from three to six weeks of culture, size variation after six weeks was large due to the high density of shrimp. The experiment showed that old acid sulphate soil-affected ponds, in which the bottom soil has not been excavated any further, can be used for production of juvenile shrimp in hapas. Rearing over three weeks is recommended to obtain high survival and reduce size variation.
INTRODUCTION
The tiger shrimp (Penaeus monodon) is the dominant species cultured in brackishwater aquaculture ponds in Indonesia. Over the last decade tiger shrimp has contributed significantly to the economic growth of rural communities (Anonim, 2003) largely through the conversion of rice farming areas and, unfortunately, mangroves. The rapid growth of shrimp monoculture, mainly under improved extensive farming systems, has often led to short term success. In 1999, there were 393,196 ha of ponds in Indonesia (Anonim, 2004) , most of them have been abandoned or are considered unproductive principally due to recurrent shrimp disease outbreaks or pond degradation caused by acid sulfate soils (Sammut & Hanafi, 2000) . There are an estimated 6.7 million ha of acid sulfate (ASS) soils in Indonesia and over 35% are developed for aquaculture (Mustafa, 2007) . Acid sulfate soils contain iron pyrite which is harmless to the environment until it is exposed to oxygen, mainly through the use of this soil for the construction of dykes, pond and canals (Sammut, 1999) . Oxidation of pyrite will cause severe soil acidification (pH<4) and elevate concentrations of dissolved aluminum, iron and manganese. Most of the ASS is found in the larger islands of Sumatra, Kalimantan, Sulawesi, and Irian Jaya (Sammut & Hanafi, 2000) . Although soil acidification and disease can, to some extent, be managed to reduce impacts on production, many farmers cannot afford the higher input costs associated with remediating acid sulfate soils or have limited access to disease screening services. Consequently, many ponds remain abandoned.
A sudden and extreme decline in the water quality is often encountered in ASS affected ponds due to the release of acid and toxic metals such as iron and aluminum (Sammut, 1999) . These oxidation products can cause gill damage in shrimp and fish and often trigger mass mortalities in stock, particularly after the wet season when ponds are poorly buffered. Mustafa (2007) showed that the pond bottom is a toxic zone for shrimp and suggested that hapas (net enclosures) could be used to rear juvenile shrimp above this zone to minimize exposure to metals, acidity and also hydrogen sulfide gas.
Juvenile shrimp production is a growing industry in Indonesia and has the potential to replace higher risk shrimp grow out systems and to add another component to polyculture (Sammut et al., 2003) . The use of earthen ponds as nurseries can produce high quality juvenile shrimp that are sought after by farmers. Juvenile shrimp are preferred over post larvae (PLs) because they are more tolerant of poor water quality also have a greater survival rate because weaker individuals usually die early in the cropping period leaving more robust stock for stocking in nearby, non-ASS grow out ponds. Predation by pests is also less of a problem with juvenile shrimp.
Juvenile shrimp also have a shorter growing period due to faster growth rates (Rodriguez et al., 1993) . Pond yields are consequently much more reliable and larger than in systems stocked with PLs. In Indonesia juvenile shrimp production helps to maintain a regular of supply stock enabling farmers to avoid relying on PLs which may be diseased or weak. Farmers may also rear juvenile shrimp in reservoir ponds during the pond preparation stage of adjacent grow out ponds. Muliani & Mustafa (1995) and Mustafa et al. (1995) successfully reared juvenile shrimp in peat soils. In aquaria with peat soil substrate, Mustafa (1996) produced good quality shrimp in 30 days. Primavera (1977) carried out nursery rearing of shrimp in hapa which were then placed in a pond for 40-52 days. Somalingam & Murthy (1979) , Siddharaju et al. (1980) , Martosudarmo (1983) , Rodriguez et al. (1993) , and Yusufzai & Singh (2005) each trialed the hapa system for 30 days. However, no previous studies specifically investigate the use of hapa for juvenile shrimp production in ASS. Clearly, the use of hapas for rearing has potential for use in ASS-affected ponds.
Past studies on the stocking of juvenile shrimp in grow out ponds in Indonesia reported shorter culture periods, higher survival rates and weight, and lower feed conversion ratios compared to directly seeding ponds with PLs Mangampa & Mustafa, 1992; Mangampa et al., 1994) . These studies also showed that rearing of shrimp over 60 rather than 30 days improved production further. However, these trials were conducted in peaty soils rather than the more toxic environment of ASS.
The present study trialed juvenile shrimp production using hapas comparing production over three and six weeks to identify which of the two periods is best suited for ASS-affected ponds. The use of hapa for juvenile shrimp production has the potential to attract farmers back to abandoned ponds that would otherwise be too expensive or risky to restore for monoculture grow out.
MATERIALS AND METHODS
The experiment was conducted in a farmer's ASS-affected pond in Pinrang SubDistrict, Luwu Regency, South Sulawesi Province, Indonesia (Figure 1 ). The experiment lasted for four months, during which pond soils were remediated, walls and dykes were repaired, and the hapas were installed. The remediation technique consisted of bottom soil drying for 2 weeks and flooding with brackishwater three times each day for three days. The remediation process was repeated twice.
The pond was 3,600 m 2 (90 x 40 m) and was used as the reservoir for grow-out ponds on the farm. The surrounding canal was deepened and widened. The soil excavated from the canal was used to increase the height of the pond dykes thereby avoiding further Study site N disturbance to the ASS below the remediation zone in the pond bottom. The canal material was limed to treat acid that was quickly produced on exposure to air. A water gate measuring 2.5 m long, 0.8 m wide and 2.5 m high was fixed into position, and a water screen was attached. The pond had a 6 inch diameter water pump to fill the pond at low tide.
Eight hapas were used; four units were used to rear the shrimp for three weeks, and the other four units were used to rear the shrimp for six weeks. The hapas measured 2.0 m long, 1.0 m wide and 1.0 m high. The mesh size of the hapas was 0.3 mm. The hapas were secured with wooden stake attached to the corner of each enclosure. The hapas were arranged in two rows 0.50 m apart. A wooden catwalk was installed to enable monitoring and maintenance of the hapas. The distance between each hapa in each row was 0.50 m. The bottoms of the hapas were located 0.10 m above the soil.
A saponin dose of 20 mg/L was used to eradicate pests and 25 kg/ha of urea and 75 kg/ha of Triple Superphosphate (TSP) were applied to compensate for reductions in phosphate caused by iron and aluminum. Without fertilizer, it would be difficult to initiate phytoplankton blooms in ASS. The urea and TSP fertilizer was spread evenly on the bottom of the pond. The pond was filled with water by gravitation and with the help of the water pump until the water height in the surrounding canal and the pond reached 0.60 m or the hapas were flooded to a depth of 0.50 m. Seaweed (Gracilaria verrucosa) weighing 360 kg fresh and 360 juvenile milkfish (Chanos chanos) were stocked in the pond.
High density juvenile shrimp (Penaeus monodon) production ... (Akhmad Mustafa)
where: f = Weight of feed added b = Biomass gain of shrimp Parker (1987) .
FCR = f b
The shrimp fry (PL-16) were obtained from one of the shrimp hatcheries located in Barru Regency, South Sulawesi. The PLs were tested beforehand for White Spot Syndrome Virus (WSSV) by a Polymerase Chain Reaction (PCR) test (Durand & Lightner, 2002; Yoganandhan et al., 2003) . The shrimp PLs were transported from the hatchery for five hours using a closed system at a density of 1,000 individuals/L. A screening test in a 30 minute formalin bath (200 mg/L) was used before stocking. The shrimp PLs were then adapted to the salinity and temperature of the pond water. The stocking density was 3,000 individuals/m 2 . In this experiment no shelter was used in the hapas.
The test treatments consisted of shrimp PLs over three and six week rearing periods. Each treatment had four replications. The experiment was randomized based on Ten Thousand Random Digits (Rohlf and Sokal, 1981) .
The shrimp PLs were fed with commercial feed comprising 40% crude protein, 6% fat and 6% fibre in crumble form. The feed dosages were 100; 75; 50; 40; 30 and 20% of biomass per day in the first, second, third, fourth, fifth, and sixth week after stocking, respectively. The feed was given twice a day, that is, a 40% of the feed total in the morning and 60% in the afternoon. An electric weighing scale accurate to 0.01 g was used to weigh the shrimp. A sample of 100 individuals was weighed weekly from each hapa. Approximately 20% of the water volume was exchanged daily. Fouling was removed with a soft brush at least once a week. Dead shrimp were removed from the hapa during each monitoring period to avoid fouling and reduce the risk of disease outbreaks.
Water quality measurements included water depth, transparency, temperature, alkalinity, and pH, measured every day in the morning (7:00-8:00). The water depth was measured with a graduated stick, transparency with a Secchi disc, salinity with a refractometer, temperature with a thermometer, alkalinity by titration, and pH with a pH-meter (Ionode IJ44). The water pH and dissolved oxygen concentration were measured using a Hydrolab ® Datasonde for 24 hours at 2 hourly intervals in the third week of nursery rearing of shrimp PLs. Water samples were collected every 2 weeks for wet chemical analyses. (APHA, 2005) . Soil samples were taken at the time of stocking the shrimp PLs, and then every three weeks after stocking shrimp PLs. Pond bottom soil samples were collected at five points at a depth of 0 to 0.20 m and were then composited. The soil samples from the dyke soil were taken from the top section of four sides of the pond at a depth of 0-0.20 m and then composited. The soil samples were collected using a soil auger. Field-based soil measurements included field pH (pH F ) (Ahern & Rayment, 1998) (Ahern & Rayment, 1998) , and redox (reduction oxidation) potential with an Ionode IJ 64 probe. Soil samples were placed in plastic bags, labeled and then kept in an icebox until returned to the laboratory. These samples were then oven dried at a temperature of 80-85 o C for a minimum of 48 hours (Ahern & Blunden, 1998) to stop bacterially-mediated oxidation of pyrite. The dry soil was pulverized and then passed though a size 30 mesh screen. The soil quality variables that were analyzed at included: pH KCl (pH of filtered 1:20 1M KCl extract), S POS (peroxide oxidisable, S P -S KCl ) (Ahern et al., 1998b; Ahern & McElnea, 2004) , TPA (total potential acidity in 1 M KCl peroxide digest titrated to pH 5.5), pyrite (Ahern & Rayment, 1998; Ahern et al., 1998a Ahern et al., , 1998b , PO 4 , Al, and Fe (Menon, 1973) .
Shrimp were harvested at 3 and 6 weeks. Survival was determined by the number of shrimp stocked divided by number of shrimp harvested x 100: Feed conversion ratios for supplementary feed (in the presence of natural food), was estimated by the formula:
Weight, survival and feed conversion ratio data were presented as mean±SE (standard error) . The data were then tested with T-Test for two independent samples at the signifiIndonesian Aquaculture Journal Vol.5 No.1, 2010 (SPSS, 2006; Coakes et al., 2008) .
RESULTS AND DISCUSSION

Soil and Water Quality
The soil quality variables from the ASSaffected pond used to rear shrimp fry are shown in Table 1 . The pH F value in general was near 7 which showed that the soil pH was neutral. It has already been stated that the bottom of the pond used in this research was not deepened (except for deepening of the surrounding canal) with a result that the pyrite in the deeper soil did not oxidise and thus did not cause a decrease in the soil pH. However, the pH FOX value can be classed as low which shows that the pond soil had high acidic potential. This can be seen in the value of pH F -pH FOX which is fairly large, that is between 5.34 units and 5.71 units.
The redox potential of the soil during the research had a negative value, because the soil was in an immersed condition. The redox potential value decreased as length of rearing period increased. A kinetic study shows that the redox potential of soils decreases quickly after inundation, reaches a minimum after several days, increases quickly to a maximum point but is lower than the time of initial inundation and then decreases in an asymptote with time (Ponnamperuma, 1972) . According to Boyd (1995) , the decrease of the redox potential in soil which is flooded is normal, and the accumulation of organic matter helps to decrease the redox potential of soil.
The variables of soil quality which can affect soil pH, such as S POS , TPA, pyrite, iron, and aluminium can be seen to decrease with an increase of rearing time. This is possibly caused by dissolution in the water and then being removed from the system when the water is changed. The decrease in the above soil quality variables also raises the soil pH value as mentioned before. The rise in the PO 4 concentration is assumed to be the results of applying the TSP fertiliser with its dosage of 75 kg/ha given every two weeks.
The variables of water quality, which were measured directly in the field and covered depth, transparency, temperature and salinity, are presented in Figure 2 ; alkalinity and pH are presented in Figure 3 . The pond water depth during nursery rearing shrimp fry was maintained at about 0.60 m, so as to keep the water depth in hapas at about 0.50 m. The relatively stable water depth impacted also on the relatively stable water temperature with an average of 30. Mustafa (1995) have reported that optimum water temperature in peat soil-affected ponds used to rear shrimp fry is 28.5-32.9 o C with water depth of 0.60 m. According to Boyd (1995) water temperature in the ponds should not change much in a 24 hour period so as not to have a damaging effect on fish and shrimp. The suitable water temperature for shrimp culture is 26-32 o C and optimally 29-30 o C (Poernomo, 1988) .
Water transparency during nursery rearing of shrimp fry was also stable, that is around 0.37-0.45 m with a mean of 0.40 m. The water exchange of 20% every 2-3 days and continuing fertilisation was able to control the plankton density with the result that water transparency was able to be maintained at about 0.40 m. The optimum water transparency for shrimp is 0.30-0.40 m (Poernomo, 1988) . Seaweed in the pond also was assumed to play a role in controlling Indonesian Aquaculture Journal Vol.5 No.1, 2010 water transparency, because seaweed has a capacity to absorb soil colloid particles. Gosavi et al. (2004) also showed that macroalgae will remove toxic metals from the water column.
As with the other water quality variables, salinity was relatively stable, that is about 29-35 ppt with a mean of 31 ppt. The research location did not have a fresh water source, but because the research occurred during the rainy season, this caused the water salinity in the pond to often be less than 32 ppt, which is the general salinity for sea water. Although salinity during nursery rearing periods was not optimum for shrimp, it was able to support the growth and survival of shrimp. Shrimp are able to adapt themselves to salinities of 3-45 ppt, but optimum growth of shrimp occurs at salinities of 15-25 ppt (Poernomo, 1988) .
Alkalinity of pond water during nursery rearing of shrimp fluctuated somewhat, with a range of between 85 and 140 mg/L, the mean being 110 mg/L. The pattern of alkalinity fluctuation was similar to the pattern of pH fluctuation, that is, with high alkalinity levels there were high pH levels, and the opposite being the case also (Figure 3) . The good condition of soil quality, such as pH F having 7.0, as mentioned before, also caused good water pH, that is between 6.5 and 7.4 with a mean of 7.0.
Dissolved oxygen concentration is the most important water quality variable for aquatic organisms (Boyd, 1995) . The fluctuation of dissolved oxygen concentration in the pond and in the hapas can be seen in Figure 4 . In general, the concentration of dissolved oxygen inside hapas is lower than outside hapas. The calmer condition of the water and the high stocking density of shrimp inside hapas cause a lower concentration of dissolved oxygen inside hapas than outside hapas. The lowest concentration of dissolved oxygen occurred at 06:00 hour and the highest at 12:00 hour both inside and outside hapas. According to Boyd (1995) , the maximum concentration for dissolved oxygen occurs in the afternoon and the minimum at or a little after sunset. From Figure 4 it can be seen that the maximum did not occur in the afternoon, and this was because there was rainfall at that time. Also, the lack of sunshine at the time of rainfall impacted on the low concentration of oxygen which is produced during the photosynthesis process. However, the dissolved oxygen found in the hapas still supported the growth and survival of shrimp, although the concentration of dissolved oxygen at 4:00 hour up till 8:00 hour range between 2.07 and 2.83 mg/L inside the hapas. The appropriate limits of dissolved oxygen for shrimp culture are 3-10 mg/L with 4-7 mg/L as the optimum (Poernomo, 1988) . Many researchers have stated that the minimum level of dissolved oxygen needed for shrimp to grow well is 2 mg/L (ASEAN, 1978) . 
Week Variables
When this is compared to the growth in weight of shrimp reported by past researchers, it shows that the weight obtained in this experiment is less. Although it was reported before that the environmental conditions in which shrimp fry were reared were regarded as appropriate, however, because the density applied was considered high, this caused low growth in terms of weight. Additionally, the survival of shrimp was still high, that is 83.62%, until the third week. This also influenced the slowness in weight growth of shrimp. With a stocking density of 288 individuals/m 3 in hapa for 30 days, Rodriguez et al. (1993) obtained a final weight in shrimp of 0.7800 g. Yusufzai & Singh (2005) found a final weight of 0.8493 g after 30 days rearing.
From Figure 5 , it can also be seen that the variation in weight for shrimp in different hapas was increasingly greater after the three-week rearing period. The results of these observations also showed the great variation in weight of shrimp in the same hapa after the three-week rearing period. This can be explained by competition for space and food in accordance with the weight increase of shrimp as a result of high density of stocking. The great variation in weight of shrimp which would be stocked in a grow-out pond was not profitable because that weight variation would be increasingly greater when shrimp were being grown in the pond. The weight variation of aquatic organisms can be influenced by some environmental factors such as: stocking density and rearing period or age (Kirpichnikov, 1981) . Weight variation of shrimp in low density (less than 10,000 individuals/ha) is lower than in high density (more than 10,000 individuals/ha) (Cholik & Mustafa, 1987) . They also reported
The water quality variables analysed in the laboratory are shown in Table 2 . The PO 4 concentration was seen as adequate at the beginning and the end of the experiment and was classed as good based on the criteria of Liaw (1969) . The NO 3 concentration tended to decrease during the experiment. This was assumed to be because the NO 3 had been used by plankton. Smayda (1983) has stated that generally plankton prefer to take nitrogen in stages, that is NO 3 , NO 2 , and NH 3 . So, in this connection, the NO 3 was the first to be used by plankton for development with a result that the concentration of NO 3 decreased. Two other forms of nitrogen which were analysed are NO 2 and NH 4 which are toxic for shrimp. Those two compounds rose in concentration at the end of the experiment but did not reach the concentration that is fatal or that hinders shrimp growth. The NO 2 concentration suggested for shrimp culture is less than 0.25 mg/L (Liu, 1989; Chiang et al., 1989; Poernomo, 1989) . The iron concentration in the water decreased at the end of the experiment, it was lower than iron concentration (1.0 mg/L) which is recommended by ANZECC (2000) for shrimp culture. The SO 4 concentration decreased at the end of the experiment, and it was assumed that the SO 4 was utilised by the heterotrophic bacteria, as stated by Ahmad (1991) or was disposed of when the water was exchanged.
Juvenile Shrimp Production
The growth in weight of shrimp during the six-week period in the ASS-affected pond can be seen in Figure 5 . The shrimp fry were able to reach a weight of 0.0750 g after being reared for three weeks and 0.4636 g after six weeks.
Indonesian Aquaculture Journal Vol.5 No.1, 2010 (Siddharaju et al., 1980) . However, when reared up to six weeks there was a distinct decrease in survival (45.44%). With a rearing period that was the same as this experiment, that is 40-52 days, but with lower stocking density of 200 individuals/m 2 , Primavera (1977) obtained a survival of 72.3%. The low survival of shrimp reared over six weeks in this experiment was caused by the high stocking density which gave an opportunity for the possibility of death by cannibalism. The increase in weight of shrimp along with the increased rearing period required a bigger space and sufficient food. Especially so in this experiment which did not use shelter which could enlarge the surface area of the rearing place and also function as a refuge for shrimp to decrease the possibility that the weight variation of shrimp cultured for less than 3.5 months is lower than shrimp cultured for more than 3.5 months.
The result of the T-Test on the shrimp fry reared over different time periods showed a significant effect for weight (P=0.001) and survival (P=0.001), whereas different rearing periods did not give significant effect (P=0.471) for FCR (Table 7. 3). Greater weight for juvenile shrimp was obtained in the shrimp fry that were reared for six weeks, but on the contrary the high survival was found for the shrimp fry which were reared for three weeks. The FCR for shrimp fry reared for three weeks and six weeks resulted in very similar values, that are 3.28 and 3.54, respectively.
The survival of shrimp reared up to three weeks was still fairly high, that is 83.62%. Almost the same as the results of this experiment was of being eaten by other shrimp. This was in accordance with the results of observations after four weeks of rearing shrimp; many shrimp were encountered with part of the body missing as a result of being preyed upon by other shrimp.
The FCR obtained in this experiment is considered high compared to the experiment previously done. The feed which was given in this experiment was not fully consumed by the shrimp or the feed which was consumed was not accompanied by a significant increase in shrimp weight. The giving of feed only twice a day was assumed to cause the high FCR obtained in this experiment. Although the water stability of feed is good, the shrimp prefer the feed that has not been in the water for a long time (Akiyama & Chwang, 1989) . Nursery rearing of shrimp with the hapa system in peat soilsaffected ponds for 20 days with a stocking density of 750 individuals/m 2 gave a FCR of 2.4 (Mustafa & Mansur, 1994) . In aquaria with peat soil substrate, Mustafa (1996) obtained a FCR of juvenile shrimp of 1.5, with stocking density of 500 individuals/m 2 for 30 days.
CONCLUSIONS
Old acid sulphate soil-affected ponds, of which the bottom soil has not been reexcavated, can be used for production of juvenile shrimp using the hapa system. With a high density of shrimp PLs (3,000 individuals/ m -2 ), a survival rate of 83.62% can be obtained after rearing for three weeks. Feed adjustments are required to improve the method further and future experiments should consider testing a wider range of stocking densities. This approach can help farmers with abandoned ponds to restart new and viable production systems rather than resort to construction of new ponds elsewhere.
